Abstract
I. Introduction

28
Since the 1970s, magnetron sputtering (MS) process has been developed for the growth of 29 thin films by physical vapor deposition (PVD) [1] . The developments of conventional reactive 30 direct current (R-dcMS) and radiofrequency (R-rfMS) magnetron sputtering methods allow coatings on steel [24] . In HiPIMS process, the high power (a few kW.cm -2 ) is turned on 57 during short pulses (tens of µs) in order to avoid the cathode overheating and arc formation.
58
The plasma density is usually between 10 12 and 10 13 cm -3 [16, 25] and the ionization degree of 
66
For a better understanding of both non-reactive and reactive HiPIMS discharges, the 67 development of time and/or space resolved suitable diagnostics allowing the study of neutral 
127
The detailed description of the optical and electrical arrangements can be found in a previous 128 work [38] . The HiPIMS unit was set to deliver 180 pulses during the 14-pm wavelength scan.
129
The wavelength variation during one HiPIMS pulse period (1 ms) is assumed to be negligible HiPIMS discharge and showed that two populations coexist: the anisotropic and thermalized 165 atoms. Then, the TR-TDLIF signal has been fitted using two Gaussian distributions. 
186
It is important to point out that W atoms keep their momentum (direction and velocity) longer 187 due to their large mass compared with the buffer gas atoms, while Ti atoms evolve more 188 rapidly towards an isotropic distribution. To study the transport of Ti neutral sputtered atoms, 189 velocity distribution functions for different times in post-discharge are given in figure 2. Similarly, the integrals of AVDF  vz give the fluxes directed (deposited fluxes) towards the 220 substrate ФTH(t), ФEN(t) and ФQTH(t):
The integrals of AVDF  vz 2  m/2 give deposited energies ETH(t), EEN(t) and EQTH(t):
The average energy of each population atoms is defined as: given by the following integral:
where i = TH, EN or QTH.
255
The deposited flux (Fi int ) integrated over a HiPIMS period is defined as:
257
This procedure was applied on TR-TDLIF measurements performed at two working pressures 258 (p=0.7 and 2.7 Pa), HiPIMS average power of 350W.cm -2 and as a function of the distance 259 from the target "z" (figure 4). 
III-3. Characterization of the R-HiPIMS discharge (Ar/N2)
296
The above TR-TDLIF results give a comprehensive knowledge about the transport of the 297 sputtered Ti neutral atoms in high power impulse magnetron sputtering without reactive gas.
298
The scope of this section is to go further on the HiPIMS process studies by investigating the The N2 addition in the gas mixture (%N2) induces changes of all process parameters, among modification but is mainly due to the strong poisoning of the target from %N2=1 %. We 377 assume that in our HiPIMS conditions (at %N2=1 %), the poisoning occurs during the 378 relatively long post-discharge (1 ms) and the chosen short discharge time (10 s), the latter is 379 not enough to remove the compound layer from the target in such a way as to be able to 380 increase the poisoning process with %N2>1 %. In R-dcMS process, the sputtering occurring 
